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SXLF-INDUCED BALLOON MOTIONS AND 
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THEIR EFFECTS ON WIND DATA 

By Harold N. Murrow* and Robert M. Henry* 
NASA Langley Research Center 

ABSTRACT 

Examples of self-induced motions of spherical  balloons ascending i n  s t i l l  
a i r  i n s ide  a l a rge  hanger a re  shown and discussed. Analogies with self-induced 
motions of other  types of spheres such as b u l l e t s  and b a l l s  are considered. The 
e f fec t  of these  self-induced motions on wind measurements derived from balloon 
t racking  i s  described. Final ly ,  some approaches t o  t h e  reduction o r  elimination 
of t h e  self-induced motions are indicated,  and r e s u l t s  of some preliminary t e s t s  - 

of modified bal loons a re  discussed. 

INTRODUCTION 

The importance of hor izonta l  winds on v e r t i c a l l y  r i s i n g  vehic les  has long 
been recognized. 
d e t a i l  t h e  f luc tua t ions  i n  horizontal  wind v e l o c i t i e s  encountered by miss i les  
i n  near v e r t i c a l  f l i g h t  through the  atmosphere. Two promising techniques f o r  
measuring small-scale f luc tua t ions  are t h e  smoke-trail technique ( ref .  1) and 
t h e  t racking  of l ightweight spher ica l  balloons with prec is ion  radar ( r e f .  2 ) .  
Data have been published giving de ta i l ed  wind p r o f i l e s  derived from samplings 
by using both smoke t r a i l s  and l ightweight spherical  bal loons as wind sensors. 
On a f e w  occasions comparisons have been made i n  da ta  obtained from these  two 
techniques ( ref .  3).  An example i s  shown i n  f igure  1. From such comparisons 
it i s  evident t h a t  da t a  obtained from precision radar  t racking  of t he  spherical  
bal loons show much g rea t e r  high-frequency wind f luc tua t ions  than do da ta  from 
t h e  smoke-trail technique. 

Several techniques have been inves t iga ted  f o r  sampling i n  

It w a s  of concern t o  Langley Research Center personnel t h a t  these  high- 
frequency f luc tua t ions  on t h e  balloon-measured p r o f i l e  were inconsis tent  with . 
any previous samplings of atmospheric wind s t ruc ture  and t h a t  apparently the  
spher ica l  balloon da ta  were contaminated. Wake in t e rac t ions  and vortex shedding 
by b lunt  bodies a re  well-known phenomena i n  f l u i d  flow, and a review of t he  
l i t e r a t u r e  divulged much in t e re s t ing  information, including observations t h a t  
spheres moving through f l u i d s  experienced noticeable deviat ions from t h e  path 
they  would be expected t o  follow i f  only the known ex te rna l  disturbances were 
a f f e c t i n g  motion (refs.  4 and 5 ) .  
e f f e c t s ;  it i s  probably not so commonly known t h a t  e a r l y  go l f e r s  who used smooth 
golf  bal ls  not iced t h a t  t h e i r  d r ives  went fur ther  and s t r a i g h t e r  i f  the  ba l l s  
were o ld  and ba t te red ,  with a roughened surface. Other i n t e r e s t i n g  da ta  have 
shown t h a t  t h e  standard, f l e x i b l e  neoprene balloons t h a t  are used rout ine ly  t o  

Baseball fans  a re  f ami l i a r  with knuckle-ball 
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car ry  radiosonde instruments a l o f t  experienced s igni f icant  deviat ions from t h e  
v e r t i c a l  when released i n  s t i l l  a i r  ( r e f .  6 ) .  The reason f o r  these, e r r a t i c  
motions has not been completely explained, but  it i s  possible  t h a t  they qre 
associated with some type of vortex shedding. They have a l so  been a t t r i b u t e d  
t o  d i s to r t ions  of the  balloon shape. 

The l a t t e r  r e s u l t s  f o r  balloons were determined from re lease  i n  t h e  la rge  
d i r i g i b l e  hangar a t  Lakehurst, New Jersey, i n  1958. 
conduct a similar s e r i e s  of t e s t s  i n  t h e  Lakehurst hangar with standard opera- 
t i o n a l  Mylar spher ica l  balloons t o  determine t h e  magnitude of deviat ions t h a t  
would occur i n  t h e  absence of wind and t o  what extent  these  deviat ions would 
a f f ec t  the wind measurements obtained by radar  t racking of t h e  balloons.  
Arrangements were made with the  U.S. Army Electronics  Command at  Belmar, New 
Jersey,  f o r  ass i s tance  and t h e  t e s t s  were conducted j o i n t l y  by NASA Langley 
Research Center and the  U.S. Army Electronics  Command during t h e  week of 
April  22, 1963. Representatives from NASA Marshall Space F l igh t  Center and A i r  
Force Cambridge Research Laboratories were present as observers.  It i s  the  
purpose of t h i s  paper t o  present t he  p r inc ipa l  r e s u l t s  of t h e  1963 t e s t s  i n  the  
Lakehurst hangar. 

It seemed des i rab le  t o  

DESCRIFTION OF THE EXPERIMENT 

Observing t h e  ascent of balloons with e s s e n t i a l l y  no ex te rna l  exc i t a t ion  
requires  access t o  a volume of undisturbed a i r  of (1) s u f f i c i e n t  height t h a t  
the r i s i n g  balloons w i l l  possess t h e i r  terminal  ve loc i ty  f o r  a s u f f i c i e n t  length 
of time fo r  observation and (2 )  of s u f f i c i e n t  hor izonta l  dimensions t o  avoid 
in te rac t iou  oI" the  baiioon and the  w a l l s .  I 

The Lakehurst Hangar 

For the t e s t s  discussed herein,  arrangements were made with t h e  U . S .  Navy 
t o  use Hangar Number One a t  the  Lakehurst, New Jersey ,  Naval A i r  S ta t ion .  This 
l a rge  hangar, shown i n  f igure  2,  i s  220 f e e t  high, 800 f e e t  long, and 265 f e e t  
wide, allowing about 180 f e e t  of ascent a t  terminal  ve loc i ty  with negl ig ib le  
disturbance by w a l l  e f f e c t s .  It a l s o  provides ample space f o r  t racking  
apparatus. 

I 

Detection and Measurement of Winds 

Merely being "indoors" does not assure  negl ig ib le  a i r  motions. Not only 
i s  the re  movement of a i r  through cracks around doors and windows, bu t  a l so  
appreciable thermally induced c i r cu la t ions  develop within t h e  hangar i t s e l f ,  
espec ia l ly  near sunrise  and sunset.  
t h e  hangar.) I n  order t o  be ce r t a in  t h a t  no appreciable a i r  cur ren ts  were pres- 
e n t  a t  any l e v e l ,  nylon cords with 1 / 4 - m i l  Mylar streamers a t tached every 8 f e e t  
were suspended from f l o o r  t o  c e i l i n g  near  t h e  t e s t  a rea .  Since these  streamers 
f l u t t e r e d  v io l en t ly  at wind speed wel l  below 1 fps ,  one streamer a t  each loca t ion  

(There have been r epor t s  of "rain" in s ide  



was weighted with a small s t r i p  of masking tape t o  reduce i t s  s e n s i t i v i t y .  I n  
addi t ion t o  these detect ion devices, measurements of wind ve loc i ty  were made 
near t h e  f l o o r  with a Thornthwaite anemometer, and a t  higher l e v e l s  by noting 
the  d f i f t  of s m a l l  constant l e v e l  balloons.  During a l l  of t h e  t e s t  runs wind 
speeds were less  than 3 feet per second at all l e v e l s ,  and, except f o r  a t h i n  
layer  near t h e  f loor ,  less than 1 foot  per second below t h e  height where the  
balloons reached terminal veloci ty .  During most runs the  unweighted t a s s e l s  
hung limp a t  a l l  leve ls ,  ind ica t ing  wind speeds w e l l  below 1 foot  per second. 

Tracking Equipment 

Phototheodolites and p l a t e  cameras 8 inches by 10 inches were located as 
indicated i n  figure 3. I n  addi t ion,  when l i g h t i n g  permitted, time exposures 
were made w i t h  a Polaroid Camera f o r  the  immediate guidance of the  experimenters 

The phototheodolites were t h e  same instruments used i n  t h e  previous 
Lakehurst t es t s  ( r e f .  6) but were modified by i n s t a l l a t i o n  of a wider-angle 
l e n s ,  t o  help keep t h e  balloon i n  t h e  f i e l d  of view at t h e  close range involved, 
and by a t tach ing  a spot l igh t  t o  t h e  theodolite l e n s  barrel t o  produce a small 
bright spot i n  t h e  center of t h e  metalized spherical  balloons t o  f a c i l i t a t e  
prec ise  measurements. 

A s ing le  timing c i r c u i t  provided pulses at  ~/lc-second i n t e r v a l s  t o  operate 
a solenoid bal3.oon re lease  and the  shut te rs  of both t h e  phototheodolites and 
t h e  p l a t e  cameras. A stepping r e l a y  w a s  incorporated i n t o  t h e  p l a t e  camera 
c i r c u i t  so t h a t  the  s h u t t e r s  were open f o r  the f i rs t  1/4 second of each 1/2 sec- 
ond, and closed the l a t t e r  1/4 second. This exposure sequence produces a series 
of streaks whose length i s  proport ional  t o  the average speed of t h e  balloon 
during t h e  1/4-second i n t e r v a l .  

Temperature and Pressure Measurements 

Temperatures near t h e  f l o o r  were measured with a mercury thermometer, and 
six thermocouples were spaced along a wire from t h e  f l o o r  t o  the catwalk t o  pro- 
vide a measure of t h e  temperature lapse rate .  

Hourly pressure measurements are available from t h e  Weather Stat ion a t  t h e  
Lakehurst Naval A i r  S ta t ion .  
sure and temperature i n  percent, these  var ia t ions  were not considered i n  the  
computation of Reynolds numbers. 

However, because of t h e  s m a l l  var ia t ion  of pres- 

Types of Balloons Tested 

A v a r i e t y  of balloon types were included i n  t h e  t e s t s .  A descr ipt ion of 
t h e  bal loons i s  given i n  t a b l e  1 and some of the  balloons are shown i n  f i g u r e  4. 
On the l e f t  of f igure  4 i s  a standard 2-meter Mylar sphere which was taken from 
a l o t  procured f o r  rout ine re leases  at Cape Kennedy. The next balloon shown i s  
a standard balloon modified by t h e  addition of s t r i p s  of 1/8-inch by 3/8-inch 



polyurethane tape t o  form 80 equal t r i a n g l e s .  
subdividing each of the  20 e q u i l a t e r a l  t r i a n g l e s  of a regular  icosahedron pat-  
t e r n  i n t o  4 smaller t r i a n g l e s .  

These t r i a n g l e s  were formed by 

v 

The t h i r d  balloon shown i s  a 2-meter sphere fabricated from Mylar f i l m  
laminated with a 1/4-inch by 3/8-inch mesh of Dacron scrim. 
d i f f e r s  from standard production items i n  t h a t  no r e l i e f  valves were i n s t a l l e d .  

This balloon a l s o  

The next balloon i n  the  photograph i s  a standard ROBIN and i s  one of sev- 
eral  special ly  prepared 1-meter Mylar spheres and the  las t  balloon shown i n  the  
f igure  i s  a streamlined Mylar balloon. 

Several other  modified balloons were prepared f o r  the t e s t s ,  including 
6-inch and 12-inch square mesh pa t te rns  of 1/16- and 1/8-inch-diameter s t r i n g  
applied t o  1-meter and 2-meter Mylar spheres. Also, several  balloons were mod- 
i f i e d  during t h e  t e s t s  by the  addi t ion of b a l s a  wood and cardboard vanes having 
widths of 3 inches t o  20 inches and pro jec t ing  5 inches from the equator. 

I n  addition t o  t h e  r i g i d  p l a s t i c  balloons several  e l a s t i c  neoprene balloons 
were tes ted.  
e a r l i e r  t e s t s ,  and t h e  cur ren t ly  used ML-518~ radiosonde balloons and la rge-  
and small-size chaff-coated p i l o t  balloons were a l s o  t e s t e d .  

The ML-391 radiosonde balloon w a s  included f o r  r e p l i c a t i o n  of the 

Balloon Release and Recovery 

Because balloons released i n  f r e e  f l i g h t  were severely damaged by impact 
with t h e  g i rders  supporting t h e  roof,  and because recovery of loose ba l lons  was 
d i f f i c u l t ,  It w a s  necessary t o  a t t a c h  a recovery l i n e  t o  balloons which were t o  
be used again. For t h i s  purpose a l ightweight 20-pound t e s t  nylon f i s h i n g  l i n e  
with a 2-foot length  of l /2-inch surg ica l  rubber tubing w a s  used a t  t h e  lower 
end t o  act  as a shock absorber. The l i n e  w a s  c a r e f u l l y  l a i d  out i n  a zigzag 
p a t t e r n  on a c l e a r  a rea  of the f l o o r  t o  avoid tangl ing during balloon ascent .  

During t h e  course of t h e  t e s t s  several  unrestrained re leases  were made - 
some planned and some unplanned - including a t  l e a s t  one f r e e  f l i g h t  of each 
balloon type t e s t e d .  There w a s  no apparent difference i n  the  behavior of t h e  
completely unrestrained balloons and those with t h e  l i g h t  recovery l i n e  attached. 

I n  severs cases, balloons were dropped from t h e  catwalk. No r e s t r a i n i n g  
cord w a s  attached t o  the dropped balloons.  
balloons before impact with the  f l o o r ,  bu t  because of the unpredictable motion 
of t h e  balloons the  attempt was of ten unsuccessful. 

An attempt w a s  made t o  catch t h e  

T e s t  Procedure 

The nearly i n f l a t e d  balloon t o  be t e s t e d  was fastened t o  t h e  solenoid 
re lease  device, and a n  addi t iona l  sa fe ty  cord was at tached.  
then "topped o f f "  with the  i n f l a t i o n  gas.  Various mixtures of air ,  helium, and 
freon were used t o  provide a range of Reynolds number from about 4 X 105 t o  lo6. 

The balloon was 

4 



The free l i f t  (pos i t ive  or negative) was measured, then the  safe ty  cord w a s  
re ieased and t h e  t i m e r  started. The f i r s t  timing pulse operated the  solenoid 
re lease  and t h e  camera and phototheodolite shut ters .  

TEST FESULTS 

Rubber Balloons 

For t h e  purpose of rep l ica t ion  of previous experiments ( r e f s .  4 and 6) 
several  rubber balloons were t e s t e d .  This rep l ica t ion  w a s  considered t o  be 
p a r t i c u l a r l y  des i rab le  i n  order t h a t ,  i f  differences were found between behavior 
of the  r i g i d  p l a s t i c  spheres and t h e  e las t ic  rubber balloons,  the differences 
could be a t t r i b u t e d  t o  t h e  e f f e c t s  of the  r ig id  spherical  shape, ra ther  than t o  
possible  differences i n  experimental techniques. 

Balloon A ( table 1) w a s  i d e n t i c a l  t o  the  radiosonde balloons i n  the t e s t s  
of reference 6, balloons B and C were currently used radiosonde balloons, and 
balloon D w a s  a chaff-coated neoprene p i l o t  balloon, such as i s  used with radar 
t racking f o r  "wind-weighting" of unguided rockets launched at Wallops Is land.  
The behavior of these balloons was similar t o  t h a t  observed i n  the  e a r l i e r  
t es t s .  

Rigid P l a s t i c  Spheres 

One of t h e  recent developments i n  f ine-scale  wind measurements i s  a spher- 
i c a l  p l a s t i c  balloon whose spherical  shape i s  maintained by a small pressure 
d i f f e ren t i a l  between t h e  contained lift gas and t h e  ambient atmosphere. This 
pressure d i f f e r e n t i a l  i s  controlled by a pa i r  of spring-loaded r e l i e f  valves. 
This type of balloon has been, given t h e  name ROSE by i t s  developers a t  t h e  A i r  
Force Cambridge Research Laboratories. 

The primary purpose of t h i s  experiment w a s  t u  determine t o  what degree 
r i g i d  spher ica l  balloons would exhib i t  self-induced motions similar t o  those 
shown by t h e  deformable rubber balloons previously t e s t e d  i n  the absence of air  
cur ren ts  . 

Balloons E, F, and G were unmodified spherical  p l a s t i c  balloons, and bal- 
loon H w a s  modified by the addi t ion of an empirically determined counterweight 
opposite t h e  f i l l e r  valve. The behavior of a l l  of these  balloons was similar, 
and i s  t y p i f i e d  by balloon G, which was released w i t h  varying mixtures of a i r  
and helium t o  provide a range of free l i f t  values as indicated i n  t a b l e  2. 
ure 5 shows a ''chopped" photograph of one ascent of t h i s  balloon. 
noted previously,  t h e  s h u t t e r  was opened f o r  the  f i rs t  1/4 second of each 
1/2-second i n t e r v a l ,  so the  length of each segment corresponds t o  the  average 
speed over a 1/4-second i n t e r v a l .  

Fig- 
A s  has been 

Figure 6 i l l u s t r a t e s  t h e  motion of the balloon during another ascent.  
During t h i s  ascent,  t h e  balloon experienced a m a x i m  displacement i n  the  



a r b i t r a r i l y  designated X-direction of 26 f e e t  a t  a height of 95 f e e t .  
t h e  portion of the ascent between 13 and 95 f e e t  t h e  displacement i n  t h e  
'X-direction i s  27 f e e t ,  y ie lding an average ve loc i ty  component of about 
8.3 f t / s ec .  
averaged winds are '10.19 f e e t  per  second i n  t h e  X-direction and 4.49 f e e t  per 
second i n  t he  Y-direction. 

Over 

The root-mean-square ve loc i ty  components computed from l/h-recond 

Since t h e  t r a j e c t o r y  of t h e  balloon does not necessar i ly  l i e  i n  any spe- 
c i f i c  plane, it i s  of i n t e r e s t  t o  examine X-Y p lo t s .  Figure 7 shows t h e  
X-Y p lo t s  of t h e  s i x  f l i g h t s  of t h i s  p a r t i c u l a r  balloon. 
f i rs t  of a l l ,  t h a t  while t h e  t r a j e c t o r i e s  of some f l i g h t s  l i e  approximately i n  
a plane,  others  very d e f i n i t e l y  do not,  and second, t he re  i s  no apparent tend- 
ency f o r  r epe t i t i on  of the  pa t t e rn ,  although g rea t  care was taken t o  make t h e  
re lease  conditions as near ly  i d e n t i c a l  as poss ib le .  

These p l o t s  show, 

A reduction i n  the displacement o f  the balloon w i t h  smaller values of f r e e  
l i f t  m i g h t  have been expected. 
The e f fec t  of varying the  f r e e  l i f t  can be seen more c l e a r l y  i n  f igu re  8. Here 
t h e  root-mean-square ve loc i ty  i s  p lo t t ed  as a funct ion of t h e  terminal  ve loc i ty  
of t h e  balloon. It i s  apparent t h a t  the rms hor izonta l  ve loc i ty  i s  an approxi- 
mately linear funct ion of t he  ( v e r t i c a l )  terminal  ve loc i ty  over the range 
covered by this experiment. 

However, no reduction i s  observed i n  f igu re  7. 

The o ther  smooth balloons,  including t h e  bal loon with t h e  added balance 
weight (H)  and the  smooth ROBIN (I and J) behaved i n  t h e  same fashion as the  
bal loon ju s t  discussed. 

Experimental Balloons 

Since it was not e n t i r e l y  unexpected t n a t  spher ica l  bal loons might exh ib i t  
self-induced motions, some modifications which might a l l e v i a t e  t h e  unwanted 
f luc tua t ions  were included i n  the t e s t  plans.  The modifications included aero- 
dynamic roughening of t h e  surface of some spheres, and use of a streamlined 
shape. 

S l i & t l y  roughened bal loons.-  The roughening of the prepared bal loons was 
designed only t o  tr igger t r a n s i t i o n  from laminar t o  turbulen t  flow i n  t h e  bound- 
a ry  layer .  For this-reason only small pro jec t ions  were used, varying from about 
one-hundredth of an inch on balloon K t o  one-eighth of an inch on bal loons L, 
M, N, and 0. On balloon M a counterweight was placed opposite t h e  f i l l e r  valve,  
and on balloon N a 1,000-gram weight w a s  a t tached below t h e  balloon f o r  s t a t i c  
s t a b i l i t y .  All of these  s l i g h t l y  roughened bal loons behaved i n  t h e  same general  
manner a s  t h e  smooth balloons.  

Streamline shape.- The behavior of t he  streamline shape balloon P appeared 
t o  be qua l i t a t ive ly  similar t o  that of t h e  spheres. 
t h i s  asymmetric shape, with i t s  apparent ly  random t r a n s l a t i o n  and ro t a t ion ,  
proved t o  be impossible t o  follow with t h e  phototheodolites.  
t he  addition of a 500-gram w e i g h t  held below t h e  "tail" by an 18-inch s t r u t ,  
balloon Q, it rose qui te  s t e a d i l y  f o r  about 100 feet  bu t  then o s c i l l a t e d  

However, the motions of 

When modified by 
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wildly.  
s m a l l  t o  measure accura te ly  with equipment on hand) and the long i n i t i a l l y  
smooth path'may be r e l a t ed  t o  the  low accelerat ion.  

The f r e e  l i f t  of t h e  weighted streamlined balloon w a s  very s m a l l  ( t oo  

a 

Spheres with l a rge  roughness elements.- Since the prepared roughened 
spheres with roughness elements of up t o  1/8-inch project ion did not exhib i t  
any s ign i f i can t  reduction of t h e  self-induced motions, a few balloons with 
>-inch project ions were prepared on si te and t e s t ed .  
of balloons R and S with ba l sa  vanes of 3-inch width suggested a reduction of 
f luc tua t ions ,  and balloon T,  with 20-inch-wide pro jec t ions  around t h e  equator 
seemed t o  show a d e f i n i t e  reduction (about 50 percent)  i n  the amplitude and 
wavelength of f luc tua t ions ,  although the  f luc tua t ions  w e r e  c e r t a in ly  not 
eliminated. 

Observation of t h e  ascents  

IMPLICATIONS TO WIND JIATA 

Several  implications of t he  t e s t  r e s u l t s  a s  they concern the  accuracy of 
wind da ta  may be mentioned. It i s  evident that t h e  self-induced balloon motions 
may produce a s ign i f i can t  e r r o r  i n  wind ve loc i t i e s  derived from balloon t racking.  
This e r r o r  i s  a funct ion of the  averaging in t e rva l  used. Thus, t h e  e r r o r  pro- 
duced by these  self-induced motions i n  standard radiosonde wind data ,  averaged 
over a 2-minute, o r  approximately 2,000-foot, i n t e r v a l  may be expected t o  be 
s m a l l  compared, t o  t h e  other  types of e r ro r s  i n  these da ta .  On t h e  other  hand, 
t hey  w i l l  not be negl ig ib le  i n  wind increments, or shear measurements, over a 

clude only that the  e r r o r s  are s ign i f i can t  f o r  increments up t o  200 feet .  Later 
e x p x i z e n t s  con&:cted i n  open a i r  a t  t h e  NASA Marshall Space F l igh t  Center sug- 
ges t  t h a t  t h e  e f f e c t s  may continue up t o  increments of about TOO t o  800 feet .  
Errors over t h e  200-foot increments w i l l  be of concern f o r  many missile and 
space vehicle  appl ica t ions ,  for turbulence and diff 'usion s tudies ,  and f o r  
s tud ie s  of small-scale wind v a r i a b i l i t y .  

~ 

I few hundred f e e t  of a l t i t u d e .  From the  experiment reported here, one can con- 
I 

P0SSIBI;E MEX'HODS OF ALLEVIATION 

Where the f ine-sca le  va r i a t ions  of the wind are not important, t he  e f f e c t s  
of self-induced motions can be removed by simple f i l t e r i n g ,  f o r  example, t h e  
2-minute t i m e  average f i l t e r  used i n  radiosonde reduction. For reduction of 
e r r o r s  i n  wind da ta  where f ine-sca le  f luc tua t ions  of t h e  wind are important 
two approaches become obvious. 
bal loon,  by increasing e i t h e r  i t s  weight o r  i t s  drag. 
results i n  c e r t a i n  disadvantages, such as a longer t i m e  requirement f o r  a given 
sounding, and t h e  occurrence of low elevation angles ,  which i n  turn  can produce 
l a rge  t r ack ing  e r r o r s .  If t h e  ascent r a t e  i s  decreased by increasing t h e  ba l -  
loon mass, t h e  e r r o r  due t o  i n e r t i a l  lag of t h e  balloon w i l l  also be increased 
( ref .  7) .  

I 

One i s  simply t o  reduce t h e  ascent rate of the  
O f  course this  approach 
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Another approach i s  the  attempted reduction of the  i n s t a b i l i t y  of t he  bal-  
loon. The theory of these  self-induced motions i s  s t i l l  not wel l  understood, 
bu t  experience gained i n  other  f i e l d s  may be appl icable .  
spherical  p r o j e c t i l e  has disappeared as ammunition f o r  r i f l e s ,  p i s t o l s ,  and 
cannon over the  past  hundred years,  while the  knuckle b a l l  has come i n t o  promi- 
nence on the baseba l l  diamond. 
lem i s  the evaluation of t he  golf b a l l .  
b a l l  w a s  introduced t o  replace the feather-s tuffed l e a t h e r  b a l l  previously i n  
use.  Golfers soon discovered t h a t  old,  scarred b a l l s  f l e w  f u r t h e r  and s t r a igh te r  
than new, smooth b a l l s ,  which tended t o  "bob" e r r a t i c a l l y  i n  f l i g h t .  By 1830 
hand-hammered roughening pa t t e rns  had appeared, and by 1907 both bumpy and 
dimpled b a l l s  were commercially ava i lab le .  A t  present t h e  dimpled b a l l  i s  v i r -  
t u a l l y  standard; however, wind-tunnel t e s t s  show t h a t  bumps and dimples a re  
equal ly  e f fec t ive  aerodynamically. 
t he  balloon i s  shown i n  f igure  6. 
of dimples, i s  the  same as i s  used by t h e  major golf  b a l l  manufacturers, and 
the  diameter of t h e  hemispheres has the  same proportion t o  t h e  sphere diameter 
as t h e  dimple of the  golf b a l l  has t o  t h e  b a l l  diameter. 
of t h e  bumps i s  somewhat g rea t e r  i n  proportion t o  t h e  sphere diameter than the  
depth of the golf b a l l  dimple. 

A s  exampl&s, th: 

An example of grea te r  use i n  t h e  present prob- 
I n  1848, the  smooth, so l id  gutta-percha 

The adaptation o f  t he  golf b a l l  pa t te rn  t o  
This pa t te rn ,  using 336 hemispheres i n  place 

The outward project ion 

1 CONCLUDING REMARKS 

Several of these  "golfoon" o r  "raspberry" balloons were fabr ica ted  f o r  
Langley Research Center by the  G. T .  Scheldahl Co., and so f a r  two of these 
have been flown at  Wallops I s land  i n  conjunction with smoke-trail and smooth 
balloons.  Unfortunately, t echnica l  d i f f i c u l t i e s  prevented acquis i t ion  of high- 
resolut ion radar data  f o r  these  f l i g h t s .  Further f l i g h t s  a re  scheduled, bu t  
a l l  t h a t  can be said a t  present i s  t h a t  the  v i sua l  observations of t h e  golfoon 
ascents  were encouraging, and t h a t  va r i a t ions  of ascent rate averaged over 
10-second in t e rva l s  were much smaller f o r  the  golfoon than f o r  t h e  smooth 
balloons.  

Tests  under conditions of e s s e n t i a l l y  zero wind ve loc i ty  showed that r i g i d  
spherical  balloons, as wel l  as deformable rubber balloons exhib i t  random self-  
induced motions over t h e  Reynolds number range encountered i n  atmospheric 
soundings. 

The magnitude of these  self-induced motions i s  d i r e c t l y  proport ional  t o  the  
terminal  veloci ty  of t he  balloon. 

These motions a re  of such magnitude and wave length  as t o  produce s i g n i f i -  
cant  e r rors  i n  wind measurement of an a l t i t u d e  i n t e r v a l  of a f e w  hundred f e e t ,  
but not over an  increment of a thousand o r  more f e e t ,  such as i s  used i n  stand- 
ard radiosonde da ta .  

Addition of roughness elements of up t o  1/8-inch project ion had no apparent 
e f f e c t  on the self-induced motions, but  pro jec t ions  of 4 o r  3 inches produced 
encouraging r e s u l t s  . 



Further research i s  needed i n  both the immediate p r a c t i c a l  problem of 
reducing t h e  e f f e c t s  of these motions on fine-scale wind data,  and i n  under- 
standing thk physical  mechanisms producing the  motions. 
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TABU 1.- DESCRIPTION OF BALLOONS TESTFD ~ 

b 
Standard radiosonde balloon, type ML-391, with simulated radiosonde 

Standard radiosonde balloon, type m-518~, with simulated radiosonde 

Standard 300-gram chaff-coated p i l o t  balloon 
Standard 2-meter Mylar spherical  balloon taken from l o t  procured f o r  

Same, s e r i a l  no. 378 
Same, s e r i a l  no. 379 
Balloon F, with counterweight added opposite f i l l e r  valve 
Standard ROBIN 1-meter Mylar sphere 
Standard ROBIN 1-meter Mylar sphere with i n f l a t i o n  capsule removed 
Specially fabr ica ted  2-meter Mylar sphere with 1/4-inch x 3/8-inch mesh 

2-meter Mylar sphere, s e r i a l  no. 377, with 80 t r i a n g l e  pa t t e rn  

attached 

attached 

rout ine re lease  a t  Cape Kennedy, s e r i a l  no. 203 

Dacron scrim laminated t o  Mylar 

(quadrisected icosahedron) of 1/8-inch x 3/8-inch polyurethane foam 
s t r i p s  

Balloon L with counterweight opposite f i l l e r  valve 
Balloon L with 1,000-gram weight attached below balloon 
1-meter Mylar sphere (ROBIN) without i n f l a t i o n  capsule o r  corner 

Streamlined Mylar balloon 
Balloon P with 500-gram weight attached t o  t a i l  by 18-inch s t r u t  
Standard 2-meter sphere, s e r i a l  no. 215, with s i x  3-inch X 5-inch 

Sme as R but  with iior*izontal vanes 
Same as R but with 20-inch X >-inch project ion hor izonta l  vanes 

I 

r e f l ec to r ,  and with 6-inch square mesh of 1/8-inch-diameter s t r i n g  

project ion balsa vanes inc l ine  a t  450 angle spaced around equator 
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